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Danish experience
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Total plant
Vinery sludge 400 p.e.
2000 – (Private property)
Pilot plant (ENEA)
Civil sludge 
2001 - 3000 p.e.
Vinery sludge 2008 
(Asti Province) 100 p.e. 
Italian experience
Pilot plant
Civil sludge
2004 (CNR-Acque)
Civil sludge
2005 (CNR-Acque)
Layout DK
• Drainage: gravel and sand
• Aeration system
• Land tanks
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Danish system
 Remote access management
 Continuous monitoring in/out
 Pumping and drainage
 Separate management for each
basin
 Drainage system
 Continuous monitoring in/out
Danish system
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Phragmites
australis
Sludge
Layout IT
Bed slope 1%
The outflow
from the 
drainage system
is collected and 
pumped back to 
the treatment 
plant
Gravel 5  mm (15 cm)
Gravel 40/70 mm (25 cm)
1. Setting up
3. Sludge application
2. Planting
4. Full operational plant
Reed bed systems
RBS 2 La Fontina - IT
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RBS 1 Nakskov - DK
RBS 1
(Nakskov - DK)
RBS 2
(La Fontina - IT)
Population equivalent (p.e.) 33000 30000
Basin area (m2) 9000 (10 beds) 1210 (11 beds)
Bed area (m2) 900 110
Loading rate 
(kg dw m-2 y-1)
60 38
Sludge type Activated sludge Activated sludge
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Loading/Resting
Fall-Winter-Spring (days)
3-4/45-65 1/14-20
Loading/Resting 
Summer (days)
3-4/45-65 1/7-10
Starting period 2001 2005
Resting period 2010 2010
Emptying period 2011 2011
Aim: to evaluate the effectiveness of reed 
bed systems for sludge treatment process 
in obtaining a stable product
3. Reuse of
final product
1. Mineralization
• TOC, TN
• WSC
• Enzymatic
activity
2. Humification
• Humic carbon
• Pyrolityc indices
• Germination
index
• Heavy metal 
fractionation
• Toxic organic
compounds
1. Sludge Mineralization
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1. Sludge Mineralization
Water Soluble Carbon Dehydrogenase activity
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Organic substrate easily degradable
by microorganisms
Biochemical parameter strongly
correlated with the activity of the 
microbial community
2. Sludge Humification: 
Humic carbon
45%
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 Fulvic acids: less stable
part of organic matter -
aliphatic compounds
 Humic acids: the more 
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Fulvic acids Humic acids
stable part of humic
substances -
polyphenolyc and 
polycarboxylic
compounds not easily
degradable
2. Sludge Humification
Pyrolisys-Gas Chromatography (Py-GC)
Characterization of organic matter from a chemico-structural
point of view
Py-GC is based on a rapid decomposition of organic matter under a 
controlled high flash of temperature.
A gas chromatograph is used for the separation and quantification of 
pyrolytic fragments (pyro-chromatogram) originating from organic matter 
decomposition 
Acetic acid (K)
Acetonitril (E1)
Benzene (B)
Toluene(E3)
Pyrrole (O)
Furfural (N)
Phenol(Y)
Index of mineralization (O/N)
Index of humification (B/E3)
2. Sludge Humification: 
Pyrolytic indices
0,60
0,80
1,00  Mineralization index (O/N): 
decrease when degradation
of organic matter is lower
 Humification index (B/E3): 
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0,20
0,40
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RBS 1 (DK) RBS 2 (ITA)
increase when organic
matter is becoming more 
mature
3. Sludge Biotoxicity: 
Germination index
• GI%< 40% high toxicity, 
no plant germination
• 60 < GI%< 40% toxicity
still capable of causing
100
120
140
160
damage
• GI% > 60% no toxicity for 
vegetation
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3. Sludge Biotoxicity: 
Heavy metals
(mg/kg 
dw)
RBS 1
(DK)
RBS 2
(ITA)
DEPA 
2000
(DK)
D.lgs
99/92
(IT)
Cr 37 a 38 a 100 -
Cu 303 a 581 b 1000 1000
Ni 32 a 47 a 30 300
Cd 3.5 b 1.5 a 0.8 20
Pb 68 a 66 a 120 750
Zn 2941 b 1752 a 4000 2500
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3. Sludge Biotoxicity: 
Heavy metal fractionation
Total 
Fraction 1 CH3COOH 0,11M Acid-soluble
Fraction 2
NH2OH.HCl 0,1M
(pH=2)
Reducible
Bioavailability
Heavy
Metal 
content
Fraction 3
H2O2 + CH3COONH4 1M
(pH=2)
Organic
matter
Residual
fraction
Difference with respect
to the total-content
Not available
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2
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74%
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3. Sludge Biotoxicity: 
Heavy metal fractionation
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3. Sludge Biotoxicity:
Toxic organic compounds
(mg/kg 
dw)
RBS 1
(Nakskov)
RBS 2
(La 
Fontina)
DEPA 
2000
(DK)
Working 
Documen
t on 
Sludge 
2000 (EU)
PAH 7.81 b 1.19 a 3 6
LAS 11.2 a 2.40 a 1300 2600
NPE < 0.50 1.27 b 10 50
DEHP < 0.25 4.71 b 50 100
TOC
WSC
DEHPNPE
Fraction 3
Residual 
Fraction
O/N
B/E3
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Principal Component Analysis
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Conclusions
 Effectiveness of reed bed systems for sludge 
stabilization in two different region
 Low levels of organic and inorganic contaminants
 Suitability of the stabilized sludge for agricultural and 
environmental purposes.  
 In the Danish plant the organic matter mineralization 
was probably predominant, while in the Italian one the 
humification process seemed to be prevalent. 
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